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Introduction
Economic cooperation with the countries of Eastern Europe and economic activities in the East is an extremely important factor in the economic development of the European Union. It is clear that the development of international trade and investment relations with Eastern Europe and the neighbouring Asian regions will have an ever-increasing impact on the European Union's economy. Particularly noteworthy, economic cooperation with the so-called Eastern Partnership countries is now playing an especially important role: relations with these countries not only allow for expansion of exports from the European Union and the development and absorption of new markets, but also create prerequisites for large investment projects in the whole of Eastern Europe and the neighbouring regions of Asia.
The group of the Eastern Partnership countries currently include Armenia, Azerbaijan, Belarus, Georgia, the Republic of Moldova and Ukraine, some of these countries intend to become member of the European Union, while others will merely remain partners of the European Union. Obviously, both the economic and political situation in these countries greatly affects the possibilities of developing economic relations with the European Union; therefore, in the context of the needs for developing economic co-operation, it is very important to fully understand and assess this situation, as well as to be able to identify possible changes.
Research conducted by various international organizations and by various researchers shows that the current situation in the Eastern Partnership countries is characterized by a fairly bright level of the shadow economy (World Bank (2010) , Schneider, Buehn, and Montenegro (2010) , Melnikas (2002 Melnikas ( , 2011 ). This means that the shadow economy must be identified as an essential circumstance characterizing the economic and even political situation in these countries. It should be noted that the shadow economy not only affects the situation in the Eastern Partnership countries itself, but also has a profound negative impact on economic cooperation with the European Union. Therefore, evaluating and monitoring changes in shadow economies in the Eastern Partnership countries has become an important issue for all European Union, especially, for the processes of decision-making on political relations and economic cooperation between the European Union and the Eastern Partnership countries. logical to presume that the Eastern Partnership countries should be ranked in the same order according to the size of their shadow economy (from lowest to highest).
The scale and role of the shadow economy in the Eastern Partnership countries reflects the need to deep-seated and broadly explore the phenomena of the shadow economy, as well as modelling and comprehensively assessing the size and dynamics of the shadow economy.
The problem is that both the contemporary practice of analysing and evaluating shadow economy processes, as well as the theory of analysis, evaluations and modelling, are lacking in essential solutions that allow for the complex consideration of the most important factors and parameters of the shadow economy as well as of various circumstances specific to different countries.
The aim of the research described in the article is to prepare a model for the assessment of the shadow economy in the Eastern Partnership countries and to evaluate the long-term tendencies of the dynamics of shadow economy in these countries.
This article covers modelling and estimation of shadow economies on the basis of monetary evidence, and estimates the impact of evasion of income tax and total taxation on the size of shadow economies in the Eastern Partnership countries. In this research, the shadow economy covers underground production activities and informal activities which are carried out on the basis of monetary transactions and caused by tax evasion by businesses and individuals.
Theoretical background
The shadow economy is an especially complicated field of the scientific cognition and practical studies and analysis: there are many different theoretical and practical approaches of description, studies and assessments of the shadow economy; also there are many factors and contradictory circumstances which are influencing the appearance of the shadow economy, its size and dynamics.
In order to comprehensively explore the shadow economy in the Eastern Partnership countries, it is appropriate to refer to the suggestions and provisions of the main international organizations as well as to take into account the peculiarities of the economic development in these countries, especially under contemporary conditions of globalization, European integration and enlargement of the European Union.
It is also necessary to take into account the fact that certain similar factors influenced the formation and dynamics of the shadow economy in the Eastern Partnership countries: all of these countries have undergone a transformation from the Soviet plan system to the market relations system; the economies of these countries are gradually being integrated into the global economic space; and all of these countries are severely lacking in the conditions of a democratic and civil society that could be a brake on the shadow economy.
The above-mentioned similarities in the Eastern Partnership countries allow to use the same methodology for analysis and evaluations of the shadow economies, their dynamics and size.
This methodology should be based on the definition of the non-observed economy (NOE): according to the United Nations definition (2008), the non-observed economy refers to all productive activities that may not be captured in the basic data sources used for national accounts compilation. The following activities are covered by the non-observed economy:
underground, informal (including those undertaken by households for their own final use), illegal, and other activities omitted due to deficiencies in the basic data collection programme. The United Nations definition is similar to the OECD (2002) underground production activities described as those that are legal but deliberately concealed from public authorities in order to avoid paying tax (VAT, income tax and other) or social security contributions, meeting statutory standards, or complying with official procedures and regulations.
Informal activities, according to UN definition, are legal production activities that are characterized by a low level of organization, with little or no division between labour and capital as a factor of production. The informal sector typically functions on a system of unofficial relationships and does not rely on official agreements. It is broadly characterised as consisting of units engaged in small-scale production of goods and services with the primary objective of generating employment and incomes for persons concerned.
The OECD divided informal activities into two separate types:
1. Informal sector production, defined as those productive activities conducted by unincorporated enterprises in the household sector that are unregistered and/or are less than a specified size in terms of employment, and that have some market production; and 2.
Production of households for their own final use, defined as those productive activities that result in goods or services consumed or capitalised by the households that produced them.
The last part of a non-observed economy -illegal activities -is described similarly by both previously mentioned international organizations as productive activities that are forbidden by law or become illegal when carried out by unauthorised persons (for example production, import and/or sale of drugs, prostitution, sale of stolen goods and smuggling).
According to the Frazer institute (1997), in the context of tax evasion and avoidance, the division of shadow activities into legal and illegal economic activities was based partly on monetary and partly on non-monetary transactions (see Table 1 ). Due to the modelling and estimation of shadow economies for the Eastern Partnership countries on the basis of monetary evidence, the term "shadow economy" in this research covers legal activities that could be pursued according to the legal system of a country but are attributed to a shadow economy due to tax evasion in the process of carrying out these activities.
According to the United Nations and OECD definitions, "shadow economy", in this research, covers underground production activities and part of informal activities based on monetary transactions. Despite the existence of monetary transactions in instances of illegal activities, illegal activities are not covered by the term "shadow economy" into this research due to the sample of independent variables.
To model and estimate shadow economies in the Eastern Partnership countries, a modified cash demand method is used that was initially developed by Tanzi in 1983 . To estimate the size of an underground economy, Tanzi proposed a method where, in order to isolate the impact of taxation and regulation, the demand for cash (C) as a proportion of total money (M2) (where M2 is cash, current and deposit accounts), is described as a function of taxes, the ratio of wages and salaries in national income, the interest on time deposits, and per capita real income.
The Vito Tanzi method was employed by many authors using their own interpretations and a wider spectrum of independent variables and models. In the beginning, Tanzi's method was used with regression analysis and logarithmic specification. Now, in many cases, the MIMIC model is used in the first step of modelling for setting causes and independent variables. 
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Analysing a sample of independent variables, or, in a MIMIC case, causes variables, tax variables could be found in all estimations, despite authors using different expressions such as income tax, tax rate, taxes collected from households and businesses, and indirect taxes to nominal observed GDP, shares of direct taxation, total tax burden, paid taxes, tax wedge, VAT, growth rates of fiscal revenues from corporate taxation, social security contributions and personal income taxation, and effective tax rate. Wealth indicators were used as a separate variable in 7 of 11 analysed models provided in Table 2 . These expressions varied from disposable income to GDP (nominal, real, per capita, per labour). Also, in a few cases, different parts of GDP such as consumption, investment, and government expenditure, were used as separate, independent or causes variables. In some cases, a wages and salaries indicator was used for estimating the size of a shadow economy. Other indicators attributed to labour force -employment and unemployment rates, self-employment indicators, multiple jobs holders, and public employment -were included in 7 of 11 of the models. Monetary factors 6 Dynamic stochastic general equilibrium model. 7 Markov chain Monte Carlo methods. 8 The ratio of government consumptive costs to GDP is used to calculate the degree of government regulation index.
were also included as independent or cause variables. In three models, this occurs as interest rates on deposits, and in two models as an exchange rate variable (Giles and Tedds, 2002 and . It should be noted that no one model included an interest rate as a causes variable in the MIMIC model, although, the exchange rate was a cause variable in two of the models.
In recent years, more sophisticated indicators were added to the models for estimating the size of a shadow economy. These include size of government, fiscal freedom, business freedom, economic freedom, regulatory quality, openness, government effectiveness, degree of urbanization and Human development index (see Table 2 ).
In summarizing the development of models for estimating the size of a shadow economy on the basis of monetary evidence (partially monetary evidence using MIMIC models) it could be concluded that the tax element as a basis of such models was modified during the time from income taxes to total taxation, including social security contributions. Wealth indicators are varied and can be expressed in terms of disposable income or GDP (per capita or per employee), but are included as separate independent or causes variable in only two thirds of the models. There were models which covered separate parts of GDP such as wages and salaries as in the initial model developed by Tanzi, including indicators such as consumption, investment and government expenditures. Note that the concept of changing cash to deposits, represented in the models by interest rate, could in some cases be changed to a different indicator such as the exchange rate of a national currency to a worldwide spread currency such as the U.S. dollar. Labour force indicators have also been useful in estimating the size of a shadow economy. Finally, sophisticated indicators, for example regulatory quality, also contribute to estimating the size of a shadow economy.
Description of the model and data
Our model idea is based on the basic regression equation for currency demand proposed by Tanzi (1983) :
Where C/M2 is the ratio of cash holdings (C) to money (defined as M2) is the dependent variable. The tax variable T, which is used for estimating impact on a shadow economy, WS/NI -a proportion of wages and salaries in national income (to capture changing payment and money holding patterns), R -an interest paid on savings deposits (to capture the opportunity cost of holding cash), and Y, which is national income per capita, -all are independent variables, and ϵ is an error term.
This model was used by Tanzi for estimating the shadow economy in the United States using data for the years 1929-1980. There it was possible to use long data series which only seem available for a few countries around the world, and as a basis for estimation was used the U.S. dollar as a national currency which in other countries arise "dollarization" effect, especially in emerged economies such as are the Eastern Partnership countries.
Our model concentrates on specific of Eastern Partnership countries where the interest rate variable (R) would make no sense for many reasons including exchange rate fluctuation of local currencies as measured against worldwide spread currencies such as the U.S. dollar or euro in times of turbulences (for example in 2006-2014 the Belarusian ruble (BYR) fell close to five times against USD due to the high inflation in country, while at the same time the Ukrainian hryvnia (UAH) fell 2.4 times against USD due to the war situation in that country). Also, the instable banking systems of the Eastern Partnership countries in comparison with banking systems of developed countries such as USA, Germany and other OECD countries has own impact on unattractiveness of deposits against cash. This observation was proved by estimates that showed interest rate (R) insignificance. Therefore the interest rate (R) variable was changed to the exchange rate variable (E).
Instead national income there was chosen the GDP variable and incorporated into T and WS variables expressed as part of income taxes and total taxes in GDP and as a part of compensation of employees (which was used instead of wages and salaries) in GDP. There it should be noted that the GDP per capita variable was extracted from the equation due to insignificance since it was the same as the interest rate variable.
The constrained model for evaluation of income tax and also for total tax impact on a shadow economy in the Eastern Partnership countries is as follows:
Where M0/M2 is the ratio of cash holdings (money M0) to current and deposit accounts (money M2), T is 1) taxes on income, profits, & capital gains paid by individuals in equation of evaluation income tax impact on shadow economy, and 2) tax revenue of general government in the equation of evaluating tax impact on a shadow economy (1 was added for evaluation tax effect on shadow economy where one part of estimation was made keeping tax equal zero). Y is gross domestic product, WS -wages and salaries (here used statistical data on compensation of employees), and E is exchange rate of local currency unit (LCU) per U.S. dollar (period average).
For estimates, the 2006-2014 annual data of the International Monetary Fund, the World Bank, IHS, ILO and data provided by national statistics and other government agencies of the Eastern Partnership countries were used. Also, it was kept in mind that statistical data which represents cash -currency in circulation (M0) shows its liability for the outstanding amount of domestic currency that it has issued. Liabilities for the co-circulating foreign currency appear only in the records of the foreign central bank or central government that issued the currency 9 . Therefore, estimates on shadow economies were provided without the part of a shadow economy that covers monetary transactions related to tax evasions carried out in foreign currencies such as the U.S. dollar or euro, and other foreign currencies.
Results
The Panel Least Squares Method with fixed cross-section and period variables (dummy variables) were used in the estimations. Equations for estimating the impact of shadow economies caused by income taxes (Ti) and total taxes (T) evasion in the Eastern Partnership countries are as follows: The impact of income tax evasion on a shadow economy was estimated by predicting the cash amount (M0) in local currencies units (LCU) for each country using created model: with taxes and without taxes (in both cases using the same formula and its indicators). After, was calculated the amount of illegal money that is the difference between predicted cash with taxes and without taxes. Then, was calculated legal money which is equal to money (M1) minus illegal money in local currency unit. Further there was calculated income velocity of legal money dividing GDP by the amount of legal money. Finally, the shadow economy was estimated by multiplying illegal money by the income velocity of legal money, thereby getting the shadow economy estimation in local currency units. An assumption was made that the income velocity of legal money is equal to the income velocity of illegal money as in Tanzi model.
The shadow economy was expressed in relation to total GDP (as a % of GDP), dividing the shadow economy estimate in units of local currency by GDP in current prices.
The estimate shows that the impact of income tax evasion on shadow economies in the Eastern Partnership countries varies significantly: from 7.2% of GDP in Moldova to 29.2% of GDP in Georgia (2006-2014 period average). The most significant impact of income taxes evasion was on the shadow economy of Georgia due to its highest income tax revenue as a % of GDP in comparison with other Eastern Partnership countries income tax levels. It should be noted that the Georgian income tax level was raised more than twice to 6.8% of GDP in 2008 up from 3.1% of GDP in the year 2007, and that is the reason for growth of the shadow economy impacted by income taxes evasion in Georgia in the year 2008.
The most stable income tax impact on a shadow economy during 2006-2014 was in Moldova and Azerbaijan. On average, their size fluctuated respectively on 7.2 % and 7.3 % of GDP levels. It should be noted that the average income tax level as a percent of GDP during the mentioned periods in Moldova was 54% higher than in Azerbaijan and this shows different reactions for intentions to avoid income taxes in the mentioned countries. During the research period, shadow economy growth impacted by income taxes evasion was observed in Armenia and Belarus and is related to growth of income taxes as % of GDP in these countries. The estimated part of the shadow economy that related to income tax evasion in Ukraine shows stabilization signs at the end of the research period when Ukraine stayed on the same level as Armenia and Belarus according to size of the shadow economy despite its excess during other years.
Figure 2. Impact of income tax evasion on shadow economy, 2006-2014
It should be noted that there was a lack of income tax data for Armenia for the year 2013 and after. According to statistical data, income tax level grew nearly three times in the year 2014 in comparison with year 2012 (from 2.3% of GDP in 2012 to 6.4% of GDP in 2014). This impact was adjusted in the estimate.
The estimate of total tax impact on a shadow economy was made using the same method as in the estimation of the impact of income taxes: prediction of cash (M0) with and without taxes by model, calculating amounts of illegal and legal money, calculating income velocity of legal money and assuming that it is equal to income velocity of illegal money, and estimating the shadow economy by multiplying illegal money by its income velocity and expressing a shadow economy in terms of % of GDP.
Variations of the estimated impact of total taxes on the size of a shadow economy among the Eastern Partnership countries are also significant: in 2006-2014 period average from 32.7% of GDP in Moldova to 60.7% of GDP in Georgia.
Estimates of the shadow economies in the Eastern Partnership countries show that, as in the case of income taxes, Georgia has one of largest shadow economies in comparison with other countries. At the end of the research period it stabilized at 61.8% of GDP level. The smallest shadow economy was in Moldova, which, at the end of the period was at 31% of GDP level and was half the size of Georgia's economic shadow. Regarding total tax, Azerbaijan had a shadow economy similar to Moldova. However, it should be remembered that total taxes in Moldova were 69% higher (available data period average) than in Azerbaijan in terms of per cent of GDP. Also, considerations should take into account that GDP level depends on size of GDP, and Azerbaijan has unique situation in comparison with other Eastern Partnership countries because extraction of crude petroleum and natural gas in monetary terms consisted 35.6% 11 of GDP in the year 2014 (similar as in all research period) and has had significant impact on total size of GDP. Furthermore, estimates show that Ukraine managed growth of their shadow economy that occurred due to a war situation in that country and, at the end of the research period, the shadow economy returned to the previous 41.2% of GDP. Belarus had one of the largest shadow economies among the Eastern Partnership countries. At the end of research period it reached 61.2% of GDP level. Decrease in the size of the shadow economy in Belarus during the years 2009-2011 related to the sharp decrease in taxation. In 2010 total tax revenue dropped to 27.3% of GDP from 37.7% of GDP in the year 2008. Armenia is a separate case due to lack of tax revenue data before the end of the research period and flash growth at the end of research period. The tax level in 2011 was 19.2% of GDP, and, at the end of the research period in the year 2014 it grew to 23.5% of GDP, which is near 25% growth in taxation. Therefore the impact of lack of data and its growth at the end of period were adjusted.
In summarizing estimates of the size of shadow economies in the Eastern Partnership countries, it can be observed that, during 2006-2014, the largest shadow economy was in Georgia, half of which was impacted by income taxes. In the second place we find Belarus, where the shadow economy consisted of 55% of GDP on average, however its size had less impact from income taxes -only ¼ of the shadow economy. Armenia is in the third place ranked by the size of its shadow economy. Note however that there is the estimated data for 2011-2012 were adjusted. The size of the shadow economy of Ukraine in the period average placed this country as number four on the list and, as in the case of Georgia, nearly half of it (42%) was impacted by income taxes evasion. One of the smallest shadow economies among the Eastern Partnership countries was in Azerbaijan, but the income tax impact there, in comparison with other Eastern Partnership countries, was low, and consisted of only 21% of the size of shadow economy (in case of Azerbaijan keep in mind that 1/3 of Azerbaijan's GDP was created by extraction of crude petroleum and natural gas, therefore the size of the shadow economy of Azerbaijan would be much larger absent this impact). The estimate showed that the smallest shadow economy was in Moldova where it constituted only 32.7% of GDP (2006-2014 period average), but the impact of income taxes was low and covered only 22%. The results of the estimates are compiled in Figure 4 . There it should be noted that the expectation that Eastern Partnership countries' shadow economies may be ranked according to the control of corruption indicator cannot be justified. Georgia, with the highest level of control of corruption, has also the largest shadow economy and the situation in Belarus and Armenia is similar. Also, the opposite situation can be observed in Moldova and Azerbaijan, where smaller shadow economies exist despite that lower levels of control of corruption persist. Also Ukraine, with the lowest level of control of corruption, nevertheless has only a midsized shadow economy among the Eastern Partnership countries, so, little correlation between shadow economy size and control of corruption actually exists. Therefore it could be concluded that the estimated size of a shadow economy depends not only on comparable data, but also on model specific and independent variables which were used in a model. Our model was created by modelling it with many independent variables more or less sophisticated such as real GDP per capita in U.S. dollars, interest rate for deposits, unemployment rate, as well as estimated indicators by the World Bank et al. such as control of corruption, regulatory quality, and others that were excluded by the reason of their insignificance. Additionally, a precise look at Eastern Partnership countries must include the consideration that they belong to areas of emerging economies where high impact on a shadow economy could have worldwide currencies such are U.S. dollar, euro and few others foreign currencies. For this reason an interest rate on deposits variable was changed to the exchange rate of national currency against the U.S. dollar variable, and these expectations were confirmed by estimating results that showed significance of this independent variable.
It could be concluded that estimated results vary from other authors' results because of differences in independent variables. Although, results of this research seem to be closer to reality due to including variables that are more in line with specifics of emerging economies.
Conclusions
The model applicable to the assessment of the shadow economy in the Eastern Partnership countries is created on the basic idea of the Tanzi model and was developed by covering the same independent variables such as taxes, wages and salaries, and modified indicators -GDP instead of GNI, and exchange rate of local currency unit per U.S. dollar instead of interest rate on deposits due to the specifics of the emerged economies countries as are the Eastern Partnership countries.
Estimates show that the impact of income tax evasion on shadow economies in the Eastern Partnership countries varies significantly -from 7.2% of GDP in Moldova to 29.2% of GDP in Georgia. Variations of the estimated impact of total taxes on the size of shadow economies among the Eastern Partnership countries are also significant -32.7% of GDP in Moldova to 60.7% of GDP level in Georgia 12 .
The estimation shows what a little correlation between shadow economy size and control of corruption actually exists. Georgia, with the highest level of control of corruption, has also the largest shadow economy. Also, the opposite situation can be observed in Moldova, where the smallest shadow economy exist despite that one of the lowest levels of control of corruption persist.
Also, the estimated results varied from those of other authors due to the differences in independent variables. Although these results seem to be closer to reality due to including variables which are more in line with specific considerations of emerging economies.
Naturally, the application of the described model for the assessment of the shadow economies in the Eastern Partnership countries can allow a picture of both the shadow economy in general and the main aspects of business environment and its peculiarities.
It is also noteworthy that, in order to carry out a more detailed and deeper analysis of the shadow economies in the Eastern Partnership countries, it is necessary to create and use another more detailed version of the described model: such a version of the model should allow for a considerably greater number of factors covering a wider range of various economic as well as political, social, cultural and other circumstances.
